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ABSTRACT 

Intermediate  and  narrow-band  photoelectric  photometry  is  pr 
sented  for  572  AO-type  stars  brighter  than  mv  =  6 . 5 ftn 


I .  INTRODUCTION 


The  problem  of  spectral  or  photometric  classifications  of 
stars  is  difficult  near  the  region  of  maximum  hydrogen  absorption. 
The  spectrum  is  rather  weak  in  features  except  for  the  hydrogen 
lines  and  the  Balmer  discontinuity,  and  bo.  .1  of  these  features 
pass  through  a  maximum  near  AO.  Hence,  it  is  often  difficult  to 
distinguish  a  late  B  star  from  an  early  star,  especially  when 
interstellar  reddening  affects  the  obse  ved  color.  When  no  such 
interstellar  reddening  is  present,  the  'bserved  color,  such  as 
B-V,  is  a  good  parameter  sensitive  to  temperature.  Spectral  type 
(a  temperature  parameter)  is  determine i  by  recognizing  the  increas 
ing  strength  of  the  metal  lines  in  general,  and  that  the  helium 
lines  have  weakened  to  indetectabilxty  by  the  early  A  stars.  As 
the  metal  lines  are  so  weak,  luminosity  class  is  determined  pri¬ 
marily  by  the  shape  and  strength  of  the  hydrogen  lines.  Peculiar¬ 
ities  are  evident  in  about  15%  of  the  stars  (Eggen,  1967)  and 
cause  classification  problems,  of  course.  Even  without  these 
peculiarities,  it  has  often  proven  difficult  to  detect  differences 
between  B9V,  A2V,  and  AQIII,  for  example  (Osawa,  1959).  We  will 
dwell  no  longer  on  the  classification  problems  here,  but  clearly 
this  region  of  the  HR  diagram  is  and  has  been  important,  and  needs 
to  be  further  studied  in  detail. 

For  thc5-c  reasons,  we  have,  over  the  past  years,  been  engaged 
in  photoelectric  photometry  of  the  brighter  field  stars  listed  as 
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AO  in  the  earlier  edition  of  the  Bright  Star  Catalog  (Schlesinger 
and  Jenkins  1940) .  Not  all  of  these  stars  are  so  classified  in 
the  new  edition  {Hoffleit  1964) ,  or  in  other  sources  (Jaschek 
et  al.  1964).  We  have  used  the  earlier  edition  as  the  source  of 
our  observing  list,  however.  The  Stromgren-Perry  Catalog  of  uvby 
photometry  for  A2-G0  type  stars,  and  the  extension  to  H|3  photo- 
metry  by  Crawford  et  al.  (1966)  used  the  same  edition  as  their 
source  list.  Separate  observing  programs  on  earlier  type  stars 
are  nearly  finished,  in  two  sections:  0-B5  and  B8-B9,  and  ex¬ 
tensions  to  the  southern  hemisphere  are  under  way  also.  The 
results  for  the  southern  stars  brighter  than  mv=5.0  have  been 
published  by  Crawford  et  al.  (1970).  Material  for  the  southern 
0-B5  stars  is  in  press. 

Much  of  the  current  program  results  from  the  effort  begun  by 
Dr.  B.  Stromgren,  already  in  1961,  to  investigate  this  region  of 
the  HR  diagram  in  depth.  Calibrations  resulting  from  the  prelim¬ 
inary  data  have  been  discussed  by  Stromgren  (1963,  1966).  An  ex¬ 
tension  of  that  calibration,  based  on  material  in  the  present 
paper,  is  underway  by  Crawford  and  Glaspey. 

Photometry  for  the  early  A  stars,  on  systems  similar  to  the 
uvby,  B  system,  has  been  published  by  Johansen  and  Gylderkerne 
(’970)  and  will  be  compared  to  the  present  data  in  the  next  section. 
They  conclude,  by  comparing  their  photometry  with  availably  uvby,  8 
photometry,  that  their  data  could  be  satisfactorily  transferred  to 


-4- 


p,  b-y,  and  Cp  especially  for  a  limited  spectral  region.  The 
transformation  to  m^  was  not  so  satisfactory.  Based  on  this 
information,  we  concentrated  more  on  the  four-color  work  than  on 
the  H/3  work  for  the  AO-type  stars. 

II.  THE  OBSERVATIONS 

The  final  data  resulting  from  the  photometry  at  Kitt  Peak  are 
listed  in  Table  I.  The  first  two  columns  give  the  HR  number 
(Bright  Star  Catalog,  Hoffleit  1964)  and  the  HD  number.  The 
latter  is  given  to  make  the  table  more  convenient  to  the  user. 

An  asterisk  after  the  HR  number  denotes  a  remark  at  the  end  of 
the  table. 

The  columns  headed  (b-y)  ,  n.p  cj_,  and  n  list  the  uvby  photom¬ 
etry:  (b-y)  is  the  color  index,  -  (v-b)-(b-y)  is  the  metallic 
line  index,  =  (u-v)-(v-b)  is  the  Ealmer  disconcinuity  index, 
and  n  is  the  number  of  observations.  An  occasional  night  was 
given  half-weight?  hence,  non-integral  values  of  n. 

Observations  were  obtained  at  both  16-inch  telescopes  (No.  3 
and  No.  4)  and  both  36-inch  telescopes  (No.  1  and  No.  2)  at  Kitt 
Peak.  Several  different  filters  were  used  as  well  as  different 
amplifier  and  recording  systems,  including  digital  read-out  on 
punched  paper-tape.  The  reductions,  were  done  with  the  aid  of 
currently  available  four-color  reduction  programs  and  the  observa¬ 
tory's  CDC-6400  computer.  Details  of  the  system  and  the  reduction: 
have  been  described  by  Crawford  and  Barnes  (1970).  The  standard 


5 


-5- 


6 tars  of  that  paper  were  used  throughout  the  AO  star  program. 

Most  all  of  the  uvby  data  was  obtained  in  the  period  from  1965  to 
1970,  with  the  majority  in  1967  and  1968. 

Mean  errors  of  one  observation,  as  determined  from  the  in- 
.  ternal  scatter  of  the  observations,  are  ±0*1*008  in  (b-y) ,  ±0*1*011 
in  m^,  and  ±0*1*011  in  c^»  In  all,  there  are  2570  measures  on  572 
stars,  an  average  of  4.5  per  star. 

The  HP  measures  are  given  in  the  column  headed  0(KP),  and 
n(KP)  is  the  number  of  measures.  The  observations  were  reduced 
to  the  standard  system  of  Crawford  and  Mander  (1966) .  The  mean 
error  of  one  observation  was  calculated  to  be  ±0*1*013.  There  are 
1616  measures  on  526  stars  for  an  average  of  3.1  per  star. 

Since  it  appeared  early  in  our  program  that  the  Johansen  and 
Gylderkerre  (1970)  H0  data  could  be  adequately  ransferred  to  the 
0  system  (we  are  most  grateful  to  them  for  making  preliminary  lists 
and  preprints  of  their  work  available  to  us) ,  we  tailored  our  H0 
program  to  complement  theirs.  As  their  four-color  filters  were 
not  well  matched  to  the  uvby  system,  we  did  nor  complement  their 
four-color  program,  even  though  transformations  might  well  be 
possible  over  a  limited  spectral  range.  A  comparison  of  our  (b-y) 
and  c^  values  with  those  derived  by  Johansen  and  Gyldenkerne  from 
their  data  indicates  that  u  transformation  of  their  data  to  our 
system  is  possible?  with  a  moan  error  for  one  star  of  ±0*1*008  in 
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(b-y)  and  ±0.011  in  c^,  if  we  omit  values  for  bout  15%  of  the 
stars.  That  confirms,  we  believe,  that  ovei  a  limited  spectral 
range  transformations  are  possible  even  if  the  filter  systems 
differ  a  great  deal.  Caution  is  in  order,  though,  for  the  range 
is  limited,  and  measures  for  non- typical  (non-main  sequence 
"normal"  AO  type)  stars  do  not  transfer  well  (such  as  super¬ 
giants,  Ap  scars,  stars  outside  of  the  usable  range,  etc.) . 

The  situation  for  the  p  index  is  more  straightforward, 
however,  For  the  stars  in  common  to  the  two  lists,  the  mean 
error,  for  one  star,  in  the  difference  is  ±0*/014.  Only  six  dif¬ 
ferences  are  larger  than  o1*030,  and  the  average  difference  in  the 
P  values  between  the  two  lists  is  oToOl.  However,  there  appears 
to  be  a  slight  trend  with  right  ascension,  and  for  the  twelve 
H/3  standard  stars  with  data  in  their  table  the  average  difference 
is  01*009  ±o1*009  (one  star)  .  So.  even  with  the  8  photometry,  some 
caution  is  in  order.  Nevertheless,  in  order  to  have  both  more 
completeness  and  more  weight  in  the  final  p  values,  we  have 
averaged  the  p  values  from  the  two  lists.  Even  in  the  worst 
cases,  little  error  will  be  introduced  into  the  final  average 
we  believe.  In  taking  the  average,  we  have  assigned  weights  of 
the  number  of  observations,  n(KP),  to  the  Kitt  Peak  data  and 
n=2  to  the  Johnsen-C.y ldenkerne  data.  The  weighted  average  is 
given  in  the  column  headed  /?  (Avg)  in  Table  I.  If  only  one 
measure  is  available,  we  have  entered  the  8  value  in  parenthesis. 
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We  recommend  these  averaged  values  be  used  in  further  analysis 
with  the  data. 

In  the  forthcoming  paper  by  Crawford  and  Glaspey,  we  will 
present  the  comparison  of  the  uvby  data  given  in  Table  I  to  UBV 
photometry  and  MK  types,  and  discuss  the  calibration  of  the  data 
in  terms  of  absolute  magnitude  and  intrinsic  color.  A  comparison 
will  also  be  made  to  previous  work  on  similar  stars,  such  as 
Cameron's  (1966)  study  of  Ap  and  Am  stars,  data  for  some  of  which 
are  included  in  Table  I.  Inspection  of  Table  I  will  indicate 
numerous  other  stars  of  special  interest  as  well,  such  as  super¬ 
giants,  reddened  stars,  and  stars  whose  indices  are  discordant 
with  their  spectral  types.  As  an  aid  to  the  user,  we  show  the 
relation  between  several  of  the  indices  in  Figures  1,  2,  3,  and 
4.  The  lines  drawn  in  the  figure  should  be  indicative  of  the 
relation  for  unreddened  stars  near  the  zero-age  main  sequence. 

We  wish  to  express  our  thanks  to  Dr.  B.  Stromgren  for  his 
advice  and  encouragement  throughout  the  program;  to  Miss  Karen 
Johansen  for  allowing  us  to  inspect  her  data  in  advance  of  pub¬ 
lication;  and  to  the  Office  of  Naval  Research,  Washington,  D.C. 
and  The  Carlsberg  Foundation,  Copenhagen,  Denmark,  for  their 
financial  support  of  the  program. 
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TAB  Ill  I.  Photometry  of  AO  stars 
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HR 

HD 

b-y 

*1 

C1 

n 

0(KP) 

n(KP) 

$(Avg) 

1 

3 

0?042 

0?155 

1?120 

3 

2,?860 

3 

2T860 

44 

952 

.001 

.160 

0.989 

3 

2.881 

1 

2.885 

49 

1048 

.001 

.149 

1.070 

3 

2.868 

1 

2.890 

53 

1083 

-  .005 

.149 

1.034 

3 

2.866 

2 

2.863 

56 

lies 

.013 

.186 

1.047 

3 

2.899 

2 

2.896 

62 

1279 

-  .020 

.092 

0.588 

5 

2.675 

5 

1.675 

70 

1438 

-  .033 

.118 

0.677 

4 

2.751 

6 

2.751 

71 

1439 

-  .004 

.137 

1.069 

5 

2.842 

76 

1561 

.027 

.135 

1.182 

3 

2.845 

2 

2.845 

93 

2011 

.039 

.090 

0.923 

7 

2.761 

4 

2.761 

96 

2054 

-  .022 

.123 

0.693 

5 

2.775 

5 

2.775 

128 

2888 

.003 

.139 

0.784 

4 

2.822 

3 

2.822 

129 

2904 

-  .011 

.148 

?  .037 

3 

2.846 

3 

2.846 

132 

2913 

.001 

.137 

0.827 

3 

2.834 

133 

2924 

.046 

.161 

1.193 

3 

2.886 

2 

2.885 

149 

3322 

-  .024 

.  109 

0.577 

3 

2.734 

3 

2.734 

196 

4222 

.007 

.164 

1.121 

4 

2.873 

234 

4778 

-  .021 

.243 

0.873 

4 

2.862 

3 

2.862 

241 

4881 

.048 

.108 

1.083 

3 

2.796 

3 

2.796 

246 

5066 

.02;, 

.145 

1.165 

3 

2.870 

3 

2.870 

250 

5128 

.071 

.266 

0.941 

3 

2.861 

3 

2.861 

278 

5715 

.055 

.203 

1.028 

3 

2.880 

3 

2.880 

310 

645b 

.000 

.165 

0.938 

3 

2.870 

3 

2.866 

311 

6457 

-  .021 

.145 

0.869 

4 

2.855 

3 

2.851 

317 

6530 

-  .004 

.159 

1.104 

3 

2.872 

1 

(2.872) 

333 

6798 

-  .010 

.189 

1.059 

3 

2.908 

3 

2.909 

336 

6829 

-  .022 

.149 

1.056 

3 

2.846 

3 

2.846 

384 

8003 

.045 

.195 

0.997 

2 

2.886 

3 

2.886 

395 

8374 

.164 

.232 

0.746 

3 

2.809 

398 

8424 

-  .007 

.135 

1.012 

4 

2.816 

3 

2 . 81  9 

428 

9030 

.025 

.193 

0.991 

3 

2.895 

3 

2.895 

444 

9484 

-  .025 

.151 

0.940 

3 

2.863 

1 

(2.863) 

465 

9996 

-  .055 

.213 

0.915 

4 

2.855 

3 

2.8C;5 

478 

10221 

-  .055 

.181 

0.773 

4 

2.782 

3 

2.772 

480 

10250 

-  .018 

.151 

1.021 

4 

2.876 

502 

10587 

.033 

.163 

1.137 

4 

2.862 

3 

2.862 

522 

10982 

-  .019 

.149 

0.880 

3 

2.887 

1 

2.876 

538 

11335 

.026 

.164 

1.145 

3 

2.876 

2 

2.890 

545/6 

11502/3 

-  .046 

.200 

0.882 

3 

2.849 

3 

2.849 

567 

11946 

-  .008 

.148 

1.054 

5 

2.851 

597 

1246/ 

•  061 

.181 

0.979 

3 

2.868 

598 

12460 

-  .022 

.184 

0.970 

3 

2.905 

3 

2.905 

613 

12869 

.055 

.228 

0.944 

4 

2.906 

2 

2.902 

641 

13476 

.477 

-  .066 

1.201 

4 

2.638 

3 

2.638 

655 

13869 

-  .002 

.143 

1.005 

4 

2.857 

2 

2.849 

TABLE  I  (continued) 


HR 

HD 

b-y 

«1 

C1 

n 

6'<  P) 

n(KP) 

fl(Avg) 

658 

13936 

0?007 

0^125 

lTll3 

3 

2^798 

3 

2?798 

664 

14055 

.005 

.166 

1.048 

3 

2.889 

2 

2.890 

668 

14171 

-  .012 

.157 

0.989 

3 

2.884 

3 

2.884 

669 

14191 

.015 

.143 

1.114 

4 

2.859 

2 

2.860 

670 

14212 

-  .009 

.167 

1.044 

6 

2.895 

2 

2.894 

682 

14392 

-  .037 

.133 

0.571 

3 

‘2.770 

2 

2.764 

704 

15004 

.001 

.123 

1.061 

3 

2.785 

3 

2.7  05 

718 

15318 

-  .030 

.148 

0.971 

3 

2,862 

5 

2.858 

769 

16350 

-  .009 

.138 

1.052 

3 

2.839 

4 

2.839 

793 

16811 

-  .007 

.142 

0.986 

4 

2.866 

2 

2.864 

797 

16861 

.031 

.185 

1.023 

3 

2.918 

3 

2.918 

815 

17138 

.072 

.196 

0.929 

5 

2.882 

4 

2.082 

830 

17471 

-  .014 

.135 

0.957 

4 

2.831 

2 

2.826 

839 

17581 

.056 

.206 

0.959 

3 

2.899 

4 

2.899 

873 

18296 

-  .025 

,  .192 

0.678 

5 

2.769 

3 

2.767 

891 

18538 

-  .007 

.150 

0.857 

3 

2.043 

3 

2.84  3 

933 

19279 

.063 

.182 

1.028 

4 

2.848 

3 

2.848 

945 

19600 

.017 

.145 

1.051 

3 

2.879 

3 

2.879 

954 

19832 

-  .054 

.132 

0.552 

3 

2.760 

2 

2.752 

964 

20041 

.596 

-  .149 

0.741 

4 

2.584 

3 

2.586 

971 

20149 

.014 

.150 

1.071 

4 

2.094 

2 

2.077 

972 

20150 

-  .014 

.158 

1.105 

4 

2.888 

3 

2.882 

979 

20283 

-  .011 

.145 

0.846 

3 

2.825 

3 

2.025 

986 

20346 

.012 

•  18i 

1.171 

3 

2.877 

2 

2.075 

1019 

20995 

-  .014 

.152 

0.849 

3 

2.846 

4 

2.846 

1026 

21038 

.024 

.140 

1.064 

3 

2.849 

3 

2.049 

1033 

21203 

.041 

.104 

0.698 

5 

2.791 

4 

2.791 

1039 

21379 

-  .019 

.160 

0.935 

4 

2.878 

5 

2.870 

1040 

21389 

.468 

-  .092 

3.54R 

4 

2.568 

2 

2.557 

1041 

21402 

.009 

.184 

1.088 

3 

2.003 

1 

2.089 

1055 

21610 

.001 

.  16B 

1.019 

3 

2.062 

2 

2.062 

1056 

21620 

.047 

.142 

1.109 

4 

2.853 

2 

2. 053 

1061 

21686 

-  .019 

,130 

1 . 004 

7 

2.055 

1 

2.836 

1070 

21912 

.056 

.220 

0-936 

4 

2.076 

1 

2.802 

1091 

22243 

.001 

.160 

1.069 

3 

2.090 

3 

2.090 

1103 

22615 

.080 

.197 

1.093 

3 

2.000 

3 

2 . 800 

1116 

22805 

.062 

.153 

1.139 

5 

2.007 

3 

2.087 

1140 

23401 

.028 

.  156 

1.220 

4 

2.036 

v 

2.030 

1192 

24141 

.077 

.256 

0.07  5 

4 

2.090 

1224 

24817 

.023 

.109 

1.021 

5 

2.002 

2 

2 . 004 

1229 

24982 

.07  8 

.122 

1.143 

2 

2.040 

1 

2.H4  8 

1251 

25490 

.004 

.  184 

1.086 

5 

2.900 

b 

2 . 09  »’ 

1261 

25642 

.010 

.116 

1.152 

6 

2 .796 

4 

2.791 

1200 

25823 

-  .  068 

,  131 

0.48? 

4 

2,7  26 

2 

2.715 

1341 

27309 

-  ,.090 

.  192 

0.566: 

3 

2  ..  769 

s  to 

2  ••  /  6  9 

11 


TABLE  I  {continue*!) 


HR  HD 


1352 

27402 

1382 

27855 

1440 

28780 

1448 

28978 

1460* 

29173 

1482 

29526 

1490 

29646 

1494 

29722 

1519 

.3  02 1C 

1544 

J0739 

1550 

30823 

1555 

30958 

1570 

31295 

1578 

31411 

1592 

31647 

1596 

31739 

1609 

32039 

1610 

32040 

1615 

32188 

1643 

32650 

1650 

32781 

1675 

33266 

1683 

33541 

1692 

33654 

17  04 

33940 

17)1 

34053 

l~  14 

34109 

1718 

34203 

1^32 

34452 

1751 

34787 

1752 

34790 

17  7  7 

35242 

1778 

35201 

1795 

35520 

1814 

357  /0 

1021 

35943 

1050 

36404 

1945A 

37646 

1 94  58 

376**7 

19/1 

38104 

202/ 

39220 

20  V. 

393  57 

20)9 

394.’i 

20/1 

30y?  ; 

2000 

401 0  3 

b-y 

ml 

C1 

n 

fl(KP) 

n(KP) 

fl(Avg) 

o1u**9 

o'?  187 

1TC99 

3 

m 

2.862 

3 

21*862 

.061 

.108 

1.153 

4 

2.818 

3 

2.818 

■  .015 

.154 

1.111 

3 

2.878 

1 

2.067 

.035 

.156 

1.17  5 

3 

2.888 

2 

2.884 

.048 

.216 

0.970 

3 

2.867 

2 

2.807 

.020 

.172 

1.024 

3 

2.RB2 

1 

2.892 

.011 

.175 

1.038 

3 

2.909 

2 

2.906 

.000 

.175 

1.058 

5 

2.868 

1 

2.889 

.091 

.251 

0.953 

3 

2.847 

9 

2.848 

.010 

.152 

1.108 

4 

2.841 

5 

2.840 

.087 

.125 

1.299 

3 

2.850 

1 

2.825 

.028 

.120 

1.031 

3 

2.824 

1 

2.817 

.042 

.184 

1.001 

4 

2.909 

5 

2.907 

.019 

.169 

0.934 

3 

2.867 

3 

2.867 

.008 

.182 

0.953 

4 

2.902 

2 

2.904 

.048 

.194 

1.083 

3 

2.864 

3 

2.804 

.011 

.122 

0.816 

3 

2.778 

2 

2.778 

.017 

.110 

0.702 

3 

2.762 

3 

2.762 

.170 

.061 

1.496 

3 

2.757 

3 

2.757 

.076 

.150 

0.689 

3 

2.753 

4 

2.761 

.006 

.149 

0.965 

4 

2.861 

3 

2 . 86 1 

,002 

.175 

1.124 

3 

2.821 

1 

2,  CM: 

.029 

.171 

0.891 

3 

2.887 

1 

2,8(9 

.094 

.  086 

1.311 

3 

2.794 

3 

2.794 

.06) 

.117 

0.400 

3 

2.718 

3 

2.718 

.051 

.160 

1.159 

3 

2.883 

3 

2.083 

.005 

.161 

1.109 

3 

2.880 

3 

2.000 

.004 

.14  5 

1.090 

6 

2.079 

3 

2  .  f  /  3 

.126 

.170 

0.348 

5 

2.707 

1 

2.703 

.006 

.134 

1.081 

4 

2.814 

1 

2 .  B0u> 

.019 

.194 

1.015 

3 

2- .904 

3 

2.902 

.063 

.183 

0.991 

3 

2.869 

3 

2 . 969 

.02  3 

.  134 

0.576 

3 

2.7  59 

3 

2.7  69 

.144 

.076 

1.320 

3 

2 . 7  58 

1 

2.760 

.039 

.099 

1.009 

3 

2.781 

3 

2.111 

.015 

.140 

0.808 

3 

2.833 

3 

2.833 

.037 

.222 

1.010 

3 

2 . 886 

3 

2  ,H9(, 

.04  3 

.124 

0.598 

3 

2.7  64 

3 

2.7/4 

.015 

.151 

0.889 

2 

2.091 

2 

2 . 09  ] 

.010 

.176 

1.121 

3 

2.072 

.001 

.16m 

1  -  J68 

4 

2.040 

? 

2 . 0  60 

.060 

,136' 

1 .  1  6.3 

.st  a 

?.M6.; 

0 

2  .  or..} 

.  06,  i 

.  ) 67 

1 .0,15 

3 

2.066 

3 

2  .  o  6  6 

.  U 1. ' 

.  191 

l.Oi  » 

3 

2 . 086 

3 

?  . 

.01/ 

.174 

l.O'll 

7 

2,6'./ 

< 

2 . 6  <9 

•) 


TABLE  I  (continued) 


MR 

HO 

b-y 

ml 

C1 

n 

fli  KP) 

n(KP) 

ff(Avg) 

2095 

40312 

-0T040 

Oo  144 

o'?  96  5 

4 

2n?769 

2 

2m.770 

2101 

40394 

.018 

.114 

1.006 

3 

2.738 

2103 

40446 

.001 

.165 

1.053 

4 

2.884 

2110 

40588 

.053 

.170 

1.011 

3 

2.913 

2112 

40626 

-  .026 

.153 

0.989 

3 

2.860 

2127 

40964 

-  .012 

.130 

0.720 

3 

2.770 

3 

2.770 

2133 

41076 

-  .013 

.156 

1.025 

3 

2.968 

2 

2.867 

2174 

42111 

.052 

.140 

1.228 

3 

2.804 

2 

2.810 

2195 

42530 

-  .008 

.174 

1.097 

3 

2.870 

3 

2.870 

2209 

42818 

.008 

.150 

1.060 

2 

2.885 

4 

2.881 

2210 

42824 

.016 

.176 

1.065 

3 

2.904 

3 

2.904 

2224 

43157 

-  .072 

.107 

0.279 

3 

2.668 

2 

2 .660 

2238 

43378 

.012 

.17  3 

1.060 

3 

2.914 

4 

2.913 

2253 

43683 

.027 

.134 

1.268 

3 

2.814 

2 

2.822 

2272 

44092 

.016 

.154 

0.958 

3 

2 . 866 

3 

2.866 

2300 

44783 

-  .020 

.096 

0.834 

3 

2.667 

3 

2.667 

2304 

44927 

.018 

.136 

1.103 

3 

2.031 

2 

2.836 

2312 

45050 

-  .000 

.136 

0.760 

3 

2.791 

3 

2.791 

2324 

45320 

.032 

.186 

1.025 

3 

2 . 804 

2 

2.084 

2327 

45357 

.010 

.162 

0.993 

3 

2.871 

3 

2.871 

2320 

45380 

-  .020 

.161 

0.917 

3 

2.R49 

3 

2.849 

2330 

45394 

.027 

.150 

1.195 

3 

2.067 

3 

2.067 

2346 

45560 

.031 

.171 

1.027 

3 

2.893 

3 

2.093 

2302 

45027 

.139 

.051 

1.240 

3 

2,704 

3 

2.704 

2372 

46052 

.001 

.231 

0.944 

6 

2.062 

3 

2.068 

2303 

46251 

.027 

.174 

1.093 

3 

2.899 

3 

2 . 899 

21H5 

46300 

.052 

.069 

0.992 

2 

2.647 

3 

2.642 

2  390 

46553 

.005 

.131 

1.004 

5 

2.811 

1 

2.803 

2102 

46590 

.002 

.165 

1.101 

3 

2.081 

1 

2.891 

2%  04 

46642 

-■  .013 

.153 

1 . 07  1 

2 

2,063 

3 

2.063 

24  ^ 

47152 

-  .005 

.  103 

0.926 

3 

2.865 

1 

2.864 

•  24  , 

47663 

-  .006 

.133 

1.127 

3 

2.819 

3 

2.019 

2400 

40097 

.022 

.200 

0.995 

5 

2.914 

1 

2.924 

24/1 

40272 

.057 

.  132 

1.193 

3 

2.050 

3 

2.058 

2499 

49059 

.010 

.200 

1.000 

1 

2.098 

3 

2.80R 

2502 

49147 

-  .015 

.130 

1.050 

2 

2. HI? 

3 

2.017 

2921 

49643 

-  .043 

.111 

0.501 

3 

2.716 

2 

2.7  14 

2529 

49900 

.001 

.150 

1.162 

5 

2.046 

2 

2.056 

'25  94 

49976 

-  .003 

.20? 

0.991 

2 

2.884 

3 

2.004 

754  3 

5006  2 

.011 

.  198 

1.042 

3 

?  .898 

2 

2.00  0 

7504 

509  5  1 

.014 

.103 

1.036 

3 

2.096 

3 

2 . 006 

7024 

52112 

-  .016 

.098 

0.793 

3 

2.712 

3 

2,71? 

2  ( >  2  9 

524/9 

.05/ 

.110 

1.4  54 

3 

2,707 

3 

2.707 

2 1  •  5  9 

53757 

-  ,000 

.140 

1 .038 

2 

2.83  1 

2 

2.021 

2/10 

551  1  1 

-  .  00? 

.  144 

1.0  7  8. 

3 

2  834 

■> 

2.840 
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TAHI.E  1  (c  ml  i  ic’ffl) 


HR 

HD 

b-y 

mi 

ci 

n 

fl(KP) 

n(KP) 

fl( Avq) 

2714 

55185 

o'?oi  1 

01?  129 

1 *'.'  219 

3 

2*1*834 

4 

2*?829 

2780 

57049 

.015 

.136 

1 .224 

3 

2.804 

3 

2.804 

2810 

57744 

-  .006 

.  165 

1.023 

3 

2.894 

2 

2.  195 

2810 

58142 

.000 

.  143 

1.117 

4 

2. 878 

5 

2.87  8 

2836 

58552 

.032 

.194 

1  .003 

4 

2.899 

3 

2.899 

2858 

59059 

-  .009 

.121 

1  .027 

3 

2.778 

3 

2.7  78 

2872 

59507 

.026 

.196 

0.997 

3 

2.898 

d 

2.898 

2893 

60275 

.004 

.164 

0.933 

4 

2.879 

3 

2.879 

2901 

60357 

.005 

.122 

1.065 

3 

2.782 

2 

2.7  87 

2931 

61219 

.022 

.156 

1 . 066 

3 

2. mi 

3 

2.901 

2966 

61887 

-  .016 

.  137 

1.07? 

2 

2.816 

2 

2.822 

2969 

61931 

.014 

.122 

1 . 087 

4 

2.814 

1 

2.818 

2991 

62510 

.003 

.162 

1.057 

4 

2.889 

3 

2.889 

3008 

62832 

.008 

.156 

1.015 

3 

2.835 

1 

2 . 84  3 

3039 

63586 

-  .004 

.  146 

1.044 

3 

2.862 

9 

2.062 

3040 

63589 

.081 

.236 

0.940 

3 

2.883 

3 

2.883 

3077 

64347 

.030 

.152 

1.130 

4 

2.856 

3 

2.856 

3082 

64406 

-  .032 

.152 

0.969 

2 

2.831 

2 

2.834 

3083 

64491 

.196 

132 

0.668 

4 

2.736 

3 

2.7  36 

3086 

64648 

-  .012 

.  129 

1.069 

2 

2.837 

3 

2.834 

3132 

65856 

.008 

.  158 

1.076 

4 

2.875 

3 

2 . 87  6 

3134 

65873 

-  .014 

.145 

1 .050 

3 

2.8,44 

2 

2.845 

3136 

65900 

-  .013 

.179 

1.056 

3 

2.885 

2 

2.09/ 

3158 

66552 

-  .014 

.138 

0.956 

3 

2.861 

4 

2.86] 

3163 

66664 

-  .003 

.173 

1.025 

6 

2.907 

4 

2,906 

3167 

66824 

-  .010 

.144 

0.947 

3 

2.856 

3 

2.H56 

31  >4 

67  159 

.000 

.120 

0.976 

2 

2.804 

3 

2.804 

3198 

67959 

.006 

.  1 5(> 

1.122 

5 

2 . 866 

n 

2.866 

3215 

68351 

-  .036, 

,  1  57 

0.990 

3 

2.7/3 

3 

2.769 

3268 

70011 

-  .  006 

.118 

1.002 

3 

2.808 

2 

2.804 

3314 

71155 

-  .005 

.  1  58 

1 . 024 

St  d 

2.897 

St  d 

2.897 

3354 

72037 

.  106 

.233 

0.87  2 

5 

2.851, 

3361 

72208 

-  ,01? 

.131 

0.890 

5 

2.805 

3 

2.805 

"  3372 

72359 

-  ,083 

.  156 

1.038 

3 

2.810 

1 

(2,810) 

3  383 

7  2600 

-  .004 

.  168 

1.044 

5 

2.092 

3 

2. 8>tl 

3401 

7  3029 

.010 

.167 

1  .056 

5 

2.903 

2 

2.903 

3406 

73143 

.049 

.172 

1.147 

3 

2.87  2 

3 

2.87  6 

3410 

7  3262 

.008 

.163 

1.091 

St  d 

2.851 

St  d 

2,851 

3412 

73316 

-  .010 

.163 

1 . 006. 

3 

2.909 

3 

2 . 6 O'* 

34  3  ; 

73997 

-  .004 

.1(3 

1 .0  30 

4 

2.896 

3 

2.895 

3449 

74198 

.000 

,174 

1 .054 

6 

2.812 

c. 

2.910 

3  465 

74521 

-  -.0/6 

,  2  1  6 

0,  /  34 

3 

2  ,7  66 

2 

?  .  /  *>*» 

3481 

748/  < 

.  06.4 

J  88 

0.9  14 

4 

2.8-tO 

n 

i 

2  ,  M  < » 

3486 

74988 

.029 

,1  54 

1.191 

ft 

2 . 8‘  ■  8 

2 

2  ,  Mi.  5 

3497 

7  513  7 

-  ,004 

a  a 

1 

r 

?  ,  (  >  i 

4 
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TALLE  I  (continued) 


HR 

:;d 

b-y 

3504 

75469 

0?004 

3566 

76595 

.008 

3573 

76757 

.018 

3594 

77327 

.012 

3595 

77350 

-  .018 

3601 

77557 

.018 

3608 

77692 

.026 

3651 

79108 

-  .003 

3657 

79248 

.017 

3665 

79469 

-  .028 

3676 

79763 

.029 

3689 

80064 

.048 

3711 

80613 

.002 

3744 

81728 

.041 

3799 

82621 

.022 

3818 

83023 

.024 

3832 

83373 

-  .019 

3854 

83869 

.004 

3906 

85504 

-  .014 

3937 

86360 

-  .010 

3975 

87737 

.030 

3981 

87807 

-  .004 

3985 

88024 

.016 

3989 

88195 

.040 

4000 

88372 

.020 

4024 

88960 

.010 

4101 

90569 

-  .036 

4109 

90763 

.020 

4131 

91311 

-  .004 

4148 

91636 

.034 

4227 

93702 

.027 

424« 

94334 

-  .016 

42R6 

95256 

.082 

4295 

95418 

-  .007 

4300 

95600 

.022 

4356 

97585 

-  .001 

4359 

97633 

.006 

4370 

90280 

.024 

4306 

98664 

-  .020 

4391 

98772 

.046 

4493 

101391 

-  .048 

4528 

102510 

.010 

4554 

10328/ 

.006 

4585 

104181 

.004 

4632 

105778 

.042 

ml 

C1 

n 

0*1*143 

lTl64 

8 

.159 

1.090 

7 

.190 

1.012 

4 

.130 

1.188 

3 

.131 

1.009 

8 

.156 

1.078 

5 

.150 

1.194 

5 

.154 

1.036 

5 

.164 

1.094 

10 

.145 

0.944 

11 

.186 

1.006 

6 

.162 

1.198 

8 

.146 

1.098 

6 

.150 

1.098 

4 

.172 

1.104 

9 

.148 

0.980 

7 

.145 

0.976 

3 

.164 

1.044 

7 

.136 

1.040 

14 

.118 

1.010 

8 

.068 

0.966 

13 

.126 

1.080 

8 

.148 

1.078 

6 

.108 

1.152 

7 

.142 

1.141 

6 

.  156 

1.085 

9 

.180 

0.956 

11 

.188 

1.014 

8 

.152 

1.078 

9 

.161 

1.070 

5 

.  )  47 

1.130 

8 

.146 

1.048 

9 

.246 

0.958 

8 

.164 

1.082 

6 

.194 

1.019 

10 

.134 

1.102 

7 

.150 

1.156 

6 

.190 

1.052 

11 

.127 

1.014 

13 

.  102 

1.058 

7 

.122 

0.672 

9 

.176 

1.014 

9 

.153 

1,113 

Sti 

.150 

1.0/6 

8 

.154 

1  .  144 

9 

0(KP) 

n(KP) 

/!{Avo' 

2I?859 

4 

2*1*859 

2.874 

3 

2.874 

2.915 

3 

2.915 

2.825 

2 

2.816 

2.814 

5 

2.816 

2.868 

4 

2.868 

2.865 

3 

2.865 

2.879 

4 

2.879 

2.885 

3 

2.885 

2.866 

4 

2.864 

2.874 

l 

2.896 

2.861 

3 

2.861 

2.862 

4 

2.862 

2.859 

3 

2.859 

2.877 

3 

2.881 

2.858 

4 

2.858 

2.862 

4 

2.862 

2.877 

4 

2.877 

2.817 

5 

2.82' 

2.812 

2 

2.810 

2.652 

7 

2.650 

2.833 

7 

2.830 

2.882 

4 

2.882 

2.788 

3 

2.788 

2.859 

3 

2.859 

2.802 

3 

2.878 

2.846 

2 

2.844 

2.888 

3 

2.888 

2.852 

3 

2.852 

2.890 

2 

2.880 

2.869 

3 

2.869 

2.869 

7 

2.865 

2.845 

4 

2.84  5 

2 . 080 

9 

2.801 

2.919 

6 

2.919 

2.832 

4 

2.831 

2.874 

5*5 

2.872 

2.914 

2 

2.909 

2.028 

4 

2. 026 

2.062 

2 

2.807 

2.765 

4 

2.765 

2. <>20 

3 

2.910 

2.  <‘95 

Std 

2. 005 

2.880 

7 

2,809 

2.846 

3 

2.046 

TABLE  X  (continued) 


HR 

HD 

b-y 

4673 

106887 

<f?087 

4689 

107259 

.017 

4705 

107655 

-  .002 

4752 

108662 

-  .052 

4781 

109309 

-  ."20 

4789 

109485 

.008 

4799 

109704 

.032 

4805 

109860 

.011 

4816 

110066 

.008 

4828 

110411 

.040 

4829 

110423 

.000 

4833 

110462 

.010 

4861 

111308 

.012 

4865 

111397 

.020 

4869 

111469 

.025 

4905 

112185 

-  .014 

4914* 

112412 

.230 

4915* 

112413 

-  .058 

4921 

112846 

.106 

4936 

113436 

.036 

4963 

114330 

.007 

4974 

114504 

-  .008 

5021 

115709 

.035 

5023 

115735 

-  .029 

5037 

116160 

.022 

5040 

116235 

.054 

5085 

117376 

.000 

5109 

118214 

-  .010 

5162 

119476 

.040 

5163 

119537 

.030 

5169 

119765 

.000 

5187 

120198 

-  .058 

5216 

120874 

.036 

5238 

121409 

-  .012 

5255 

1219,o 

.004 

5280 

122866 

.020 

5291 

123299 

-  .010 

5313 

124224 

-  .054 

5342 

124931 

.000 

5351 

125162 

.051 

5360 

125349 

.020 

5414 

127043 

.014 

5415 

127067 

.000 

5467 

128990 

-  .006 

5468 

129002 

.000 

*1 

C1 

n 

c/?  222 

tf?932 

6 

.163 

1.130 

10 

.169 

1.034 

11 

.214 

0.884 

6 

145 

0.956 

6 

.144 

1.090 

10 

.194 

1.011 

7 

.140 

1.154 

9 

.256 

0.890 

9 

.180 

0.992 

9 

.156 

1.010 

7 

.181 

1.173 

6 

.167 

1.052 

11 

.156 

1.130 

10 

.169 

1.074 

10 

.168 

1  64 

7 

.152 

0.578 

10 

.188 

0.630 

8 

.173 

0.956 

4 

.150 

1.166 

8 

.141 

1.147 

6 

.156 

1.082 

6 

.166 

1.012 

9 

.136 

0.944 

7 

.174 

0.992 

6 

.214 

0.972 

8 

.164 

1.019 

5 

.150 

1.006 

8 

.180 

1.022 

7 

.172 

0.978 

10 

.168 

1.010 

8 

.202 

0.886 

5 

.210 

0.976 

7 

.138 

1  .045 

5 

.144 

7 .120 

7 

.181 

1.016 

10 

.128 

1.072 

7 

.134 

0.590 

8 

.153 

1.046 

9 

.184 

0.998 

7 

.186 

0.990 

5 

.160 

1.010 

10 

.146 

1.020 

10 

.162 

1.078 

4 

.190 

0.960 

4 

fl(KP)  n(KP)  fl(Avg) 


2^877 

2 

2%74 

2.862 

5 

2.867 

2.885 

4 

2.891 

2.850 

8 

2.851 

2.874 

3 

2.860t 

2.867 

7 

2.866 

2.909 

3 

2.909 

2.855 

3 

2.855 

2.864 

3 

2.864 

2.908 

6 

2.910 

2.885 

2 

2.885 

2.874 

2 

2.875 

2.884 

3 

2.884 

2.885 

3 

2.879 

2.898 

3 

2.900 

2.867 

5 

2.868 

2.723 

3*5 

2.723 

2.777 

6*5 

2.777 

2.818 

2 

2.8J0 

2.820 

J 

2.820 

2.837 

3 

2.835 

2.870 

5 

2.870 

2.070 

4 

2.870 

2.1  .3 

2 

2.843 

2.807 

3 

2.891 

2.891 

3 

2.903 

2.894 

1 

2.906 

2.890 

2 

2.885 

2.903 

3 

2.913 

2.885 

4 

2.885 

2.895 

3 

2.899 

2.832 

3 

2.840 

2.901 

4 

2.901 

2.828 

3 

2.828 

2.862 

3 

2.863 

2.904 

3 

2.910 

2.844 

4*5 

2.844 

2.763 

3 

2.760 

2.872 

4 

2.872 

2.894 

4 

2.894 

2.808 

4 

2.888 

2.900 

3 

2.900 

2.889 

5 

2.809 

2.872 

2 

2.878 

2.910 

3 

2.890 

WtUJMUMJI 


fjwifl  v*  ^  'j  mmnsmm mmtm 


TABLE  I  (continued) 


HR  HD  b~V  mi  cx  n  fl(KP)  n(KP)  ft(Avg) 


5511 

130109 

On?  007 

0™  134 

5522 

130557 

-  .007 

.134 

5567 

131951 

-  .012 

.128 

5574 

132145 

.010 

.164 

5578 

132230 

.017 

.142 

5536 

132/42 

.020 

.118 

5597 

133029 

-  .092 

.206 

5627 

133962 

-  .005 

.156 

5633 

134064 

.032 

.190 

5665 

135263 

.039 

.173 

1*08 1 

Std 

2^846 

Std 

2™846 

0.992 

11 

2.831 

4 

2.831 

1.040 

6 

2.826 

3 

2.824 

1.019 

9 

2.907 

4 

2.907 

0.993 

3 

2  "01 

3 

2.901 

0.972 

5 

2.816 

4 

2.816 

0.778 

7 

2.80-1 

4 

2.804 

0.992 

5*5 

2.904 

3 

2.900 

1.017 

10*i 

2.904 

3 

2.910 

1.050 

b*j 

2.910 

4 

2.910 

5676 

135502 

.028 

.172 

5717 

136831 

.008 

.136 

5752 

138213 

.046 

.194 

57  54 

138245 

.062 

.210 

5793 

139006 

.000 

.144 

5018 

139493 

.018 

.174 

5843 

140160 

.006 

.206 

5857 

140728 

-  .052 

.182 

5858 

140729 

.000 

.158 

5859 

140775 

.028 

.148 

1.081 

6»s 

2.888 

2 

2.896 

1.044 

10 

2.869 

4 

2.869 

1.142 

10 

2.860 

2 

2.869 

0.982 

10 

2.872 

4 

2.872 

1.060 

10 

2.871 

5 

2.869 

1.038 

9 

2.890 

2 

2.900 

1.048 

5 

2.902 

3 

2.914 

0.894 

6 

2.825 

3 

2.829 

1.022 

6 

2.881 

3 

2.886 

1.100 

6 

2.873 

3 

2.8/9 

5870 

141187 

.056 

.172 

5881 

141513 

-  .008 

.142 

5959 

143459 

.048 

.111 

597.1 

143807 

-  .020 

.132 

6013 

145122 

.006 

.134 

6035 

145647 

.013 

.150 

6036 

145674 

.032 

.140 

6041 

.145788 

.103 

.114 

6074 

146738 

.034 

.156 

6111 

147869 

.008 

.150 

6117 

148112 

.010 

.156 

6156 

149081 

.003 

.106 

6162A 

149303 

.064 

.180 

6162B 

.388 

.179 

6160 

149630 

.006 

.122 

1.004 

5 

2.886 

2 

2.890 

0.960 

6 

2.846 

4 

2.040 

1.092 

5 

2.835 

4 

2.03  5 

0.072 

7 

2.817 

5 

2.819 

1.048 

4 

2.827 

4 

2.827 

1.055 

3«i 

2.876 

2 

2.802 

1.004 

9 

2.857 

3 

2.857 

1.110 

7*S 

2.854 

3 

2.854 

1.232 

7 

2.852 

2 

2.858 

1.002 

6 

2.868 

2 

2.872 

1.044 

7 

2.837 

5 

2.841 

0.998 

9*5 

2.896 

3 

2.098 

1.028 

8 

2.840 

4 

2.849 

0.310 

3 

2.616 

3 

2.616 

1.040 

9 

2.791 

7 

2.789 

6169 

149632 

.037 

.160 

6170 

149650 

.024 

.  158 

6176 

149022 

-  .077 

.207 

6179 

149911 

.090 

.101 

6104 

150100 

-  .016 

.138 

0.906 

9*5 

2.090 

3 

2.890 

1.114 

7 

2.870 

2 

2.805 

0.02*' 

9S 

2.796 

3 

2.796 

1.071 

7*5 

2.060 

3 

2  .  Of  8 

0.910 

5 

2.001 

2 

2.807 

6194 

150379 

.  069 

.209 

6195 

150378 

-  .002 

.  141 

62  14 

151525 

.010 

.134 

0246 

151062 

.010 

.159 

6250 

151956 

.056 

.202 

0.977 

7*5 

2.001 

3 

2.081 

1.014 

5 

2.8’  1 

2 

2.072 

1.090 

4 

2.624 

2 

2.043 

1.021 

3 

2.000 

3 

2.065 

1.009 

6 

2.090 

2 

2,087 
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TABLE  I  (continued) 


HR 

HD 

b-y 

ml 

C1 

n 

8(KP) 

n(KP) 

0(Avg) 

6255 

152127 

0?031 

0Tl71 

0™996 

6 

2?913 

2 

2?913 

6268 

152308 

-  1 02  ‘i 

.172 

0.962 

6 

2.867 

3 

2.867 

6324 

153808 

-  ,002 

.154 

0.924 

7 

2.861 

9 

2.860 

6326 

153882 

.012 

.184 

1.052 

4 

2.866 

4 

2.866 

6329 

153914 

.046 

.182 

1.000 

4 

2.890 

3 

2.890 

6341 

154228 

-  .006 

.176 

0.986 

4 

‘  2.888 

2 

2.089 

6352 

154441 

.035 

.108 

0.928 

3 

2.841 

3 

2.841 

6362 

154713 

.048 

.180 

1.122 

7 

2.876 

3 

2.876 

6367 

154895 

.049 

.156 

0.984 

4 

2.890 

2 

2.877 

6385 

155375 

.047 

.198 

1.024 

8 

2.884 

4 

2.884 

6412 

156208 

.167 

.090 

1.195 

5 

2.850 

4 

2.850 

6432 

156653 

.014 

.146 

1.104 

5 

2.856 

3 

2.862 

6457 

157198 

.006 

.141 

1.167 

4 

2.848 

2 

2.855 

6484 

157778 

.000 

.123 

1.129 

4 

2.841 

7 

2.841 

6521 

158716 

.01' 

.187 

0.997 

4S 

2.922 

3 

2.922 

6533 

159139 

.000 

.162 

1.028 

4 

2.892 

3 

2.884 

6571 

160181 

.076 

.164 

0.978 

4 

2.866 

6 

2.858 

6589 

160765 

.012 

.169 

1.005 

6*5 

2.906 

4 

2.906 

6609 

161270 

.069 

.129 

0.912 

8 

2.866 

5 

2.866 

6610 

161289 

.047 

.138 

0.996 

2.872 

3 

2.872 

6618 

161693 

.016 

.148 

1.150 

6 

2.877 

3 

2.874 

6627 

161833 

.023 

.155 

1.041 

4 

2.897 

3 

2.891 

6629 

161868 

.026 

.165 

1.054 

Std 

2.900 

Std 

2.908 

6641 

162132 

.044 

.184 

1.022 

4 

2.880 

3 

2.800 

6642 

162161 

.020 

.142 

0.932 

7 

2.845 

4 

2.861: 

6690 

163641 

.032 

.089 

0.793 

5 

2.774 

4 

2.774 

6696 

163772 

.080 

.133 

1.082 

5 

2.886 

4 

2.888 

6732 

164716 

.146 

.044 

0.886 

4 

2.798 

3 

2.798 

6744 

165029 

.028 

.131 

1.057 

4*5 

2.870 

3 

2.870 

6753 

165350 

.016 

.164 

1.126 

4 

2.897 

4 

2.897 

6758 

165475 

.183 

.169 

0.948 

4 

2.799 

5 

2.799 

6776 

165910 

.062 

.119 

1.175 

5*5 

2.808 

5 

2.808 

6779 

166014 

.010 

.110 

1.134 

6 

2.795 

11 

2.794 

6709 

166205 

.014 

.146 

1.102 

3 

2 . 896 

5 

2.896 

6026 

167370 

-  .026 

.130 

0.004 

4 

2.783 

4 

2.779 

6027 

167387 

-  .003 

.139 

1.062 

4 

2.836 

4 

2.836 

6052 

168270 

.032 

.100 

1.020 

5 

2.811 

i\ 

2.812 

6078 

lr9009 

.125 

.092 

0.992 

4 

2.050 

4 

2.050 

6803 

169111 

.037 

.  146 

1.147 

4 

2.083 

4 

2.6.  2 

6920 

170000 

-  .040 

.138 

0.667 

4 

2.797 

5 

2.795 

6955 

170078 

.051 

.  127 

1.193 

4 

2.833 

4 

2.029 

6963 

171149 

.049 

.114 

1.012 

4 

2.046 

3 

2.046 

6976 

171505 

.037 

.129 

1.100 

3*5 

2.857 

5 

2.057 

697  7 

171623 

.022 

.126 

1.018 

4 

2.019 

4 

2-015 

6992 

171975 

.024 

.  105 

0.807 

3S 

2.798 

3 

2.7  98 

TABLE  I  (continued) 


HR 

HD 

b-y 

"1 

°1 

n 

fi(KP) 

n(KP) 

fl(Avg) 

6993 

171978 

0?048 

0™148 

1?143 

4 

2*864 

2 

2*871 

7001 

172167 

.004 

.157 

1.089 

7 

2.903 

9 

2.904 

7017 

172671 

-  .021 

.125 

0.939 

4 

2.800 

4 

2.800 

7018 

172728 

-  .017 

.131 

0.923 

5 

2.832 

4 

2.832 

7030 

172958 

-  .002 

.102 

0.877 

5 

2.782 

3 

2.782 

7048 

173495 

.030 

.158 

1.049 

5 

2.908 

4 

2.906 

7049 

173524 

-  .Ci5 

.122 

0.802 

4 

2.788 

3 

2.788 

7058 

173650 

.037 

.126 

0.940i 

6 

2.788 

3 

2.788 

•  7080 

174177 

.042 

.155 

1.201 

4 

2.827 

3 

2.827 

7085 

174240 

.037 

.132 

1.111 

5 

2.870 

3 

2.870 

'  7086 

174262 

.007 

.168 

1.029 

4 

2.902 

5 

2.905 

7090 

174366 

.041 

.152 

0.989 

3 

2.886 

3 

2.686 

7091 

174369 

.038 

.191 

0.988 

4 

2.906 

5 

2.906 

7143 

175640 

.002 

.110 

0.740 

4 

2.790 

3 

2.790 

7178 

176437 

.001 

.093 

1.219 

Std 

2.754 

Std 

2.754 

7199 

1/6795 

.004 

.156 

1.056 

3 

2.865 

3 

2.86f<, 

77.09 

176984 

.025 

.110 

1.138 

4 

2.827 

3 

2.82  L 

7235 

177724 

.012 

.147 

1.080 

Std 

2.878 

Std 

2.873 

7251 

178207 

-  .008 

.149 

0.987 

3 

2.861 

3 

2.861 

7283 

179527 

-  .010 

.110 

0.764 

5 

2.711 

4 

2.712 

7284 

17 '.'583 

.049 

.166 

1.106 

5 

2.864 

3 

2.864 

7286 

179648 

.059 

.139 

1.194 

3 

2.849 

3 

2.849 

7313 

180782 

.012 

.160 

1.004 

5 

2.883 

3 

2.883 

7324 

181119 

.073 

.126 

1.197 

3 

2.833 

4 

2.B33 

7338 

181470 

.012 

.143 

0.971 

4 

2.833 

3 

2.833 

7351 

181960 

.015 

.151 

1.127 

5 

2.965 

3 

2.865 

7.364 

182422 

.050 

.094 

1.090 

4 

2.799 

4 

2.799 

7369 

182490 

.034 

.184 

0.995 

4 

2.880 

2 

2.880 

7384 

182761 

-  .003 

.142 

0.982 

4 

2.869 

3 

2.869 

7390 

182919 

-  .003 

.157 

0.985 

4 

2.906 

2 

2.895 

7395 

183C56 

-  .058 

.119 

0.603 

3 

2.712 

2 

2.710 

-•  7400 

183324 

.051 

.167 

0.994 

3 

2.885 

2 

2.891 

7408 

183534 

-  .003 

.157 

1.023 

3 

2.905 

2 

2.894 

7415 

183656 

.049 

.037 

0.814 

3 

2.643 

3 

2.643 

7419 

183986 

.002 

.126 

0.958 

4 

2.790 

2 

2.802 

7436 

184603 

.063 

.186 

1.024 

4 

2.875 

3 

2.875 

7480 

185762 

.059 

.163 

1.052 

3 

2.850 

2 

2.864 

7512 

186568 

-  .005 

.089 

0.813 

4 

2.725 

2 

2.727 

7528 

186802 

-  .001 

.114 

i  .037 

5 

2.822 

3 

2.012 

7529A 

186901 

-  .021 

.104 

1.000 

2 

2.774 

3 

2.774 

7529B 

186902 

.018 

.111 

1.018 

3 

2.768 

5 

2.768 

7545 

187340 

.040 

.163 

1.157 

3 

2.806 

3 

2.886 

7  562 

187753 

.052 

.202 

1.018 

3 

2.879 

3 

2.87  9 

7  580 

188107 

.051 

.088 

1.036 

3 

2.772 

3 

2.112 

7592 

188260 

-  .003 

.120 

0.951 

6 

2.823 

4 

2.814 

TABU:  I  (continued) 


HR 

HD 

b-y 

M1 

C1 

n 

0(KP) 

n(KP) 

/J(Avg) 

7596 

188350 

0*091 

m 

0.077 

ffl 

1.133 

3 

2*820 

2 

*  . 
2.818 

7598 

188385 

.013 

.181 

0.989 

3 

2.924 

2 

2.914 

7601 

188485 

-  .oo-; 

.135 

0.931 

6 

2.842 

2 

2.842 

7611 

188793 

.010 

.163 

1.055 

3 

2.907 

1 

2.900 

7616 

188971 

.036 

.157 

1.139 

3 

2.885 

3 

2.885 

7632 

189253 

-  .009 

.157 

0.969 

3 

2.902 

3 

2.902 

7654 

189900 

.020 

.155 

1.117 

4 

2.868 

2 

2.872 

7664 

190229 

~  .041 

.101 

0.597 

5 

2.695 

2 

2.703 

7664 

190781 

.020 

.160 

1.076 

3 

2.861 

3 

2.868 

7694 

191110 

.069 

.071 

0.739 

3 

2.768 

3 

2.768 

7710 

191692 

*  .026 

.123 

1.009 

4 

2.820 

3 

2.815 

7717 

191984 

.025 

.159 

1.011 

3 

2.863 

3 

2.863 

7723 

192342 

.186 

.227 

0.722 

3 

2.790 

4 

2.790 

7724 

192425 

.028 

.188 

1.022 

6 

2.919 

3 

2.912 

7736 

192640 

.098 

.159 

0.929 

7 

2.832 

5 

2.831 

7752 

192934 

-  .004 

.153 

1.036 

3 

2.880 

3 

2.880 

7755 

192983 

.052 

.155 

1.051 

4 

2.853 

3 

2.853 

7769 

193369 

.013 

.182 

0.980 

3 

2.906 

3 

2.910 

7781 

193592 

.066 

.177 

0.934 

3 

2.868 

3 

2.866 

7782 

193621 

.013 

.100 

1.104 

3 

2.779 

3 

2.779 

7784 

193702 

.035 

.155 

1.076 

3 

2.861 

3 

2.861 

7803 

194244 

.002 

.104 

1.005 

3 

2.771 

3 

2.771 

7818 

194882 

.046 

.174 

1.155 

3 

2.869 

3 

2.869 

7826 

195050 

.030 

.175 

1.062 

3 

2.864 

1 

2.880 

7827 

195066 

.012 

.138 

1.065 

3 

2.8(0 

4 

2.860 

7835 

195324 

.377 

-  .044 

1.201 

4 

2.642 

7836 

195325 

.028 

.098 

1.072 

3 

2.764 

2 

2.757 

7840A 

195483 

.055 

.094 

0.548 

3 

2.750 

3 

2.750 

7840B 

195482 

.173 

.175 

0.793 1 

3 

2.760 

3 

2.760 

7857 

195922 

.059 

.149 

1.092 

3 

2.843 

2 

2.843 

78  35 

196606 

-  .040 

.119 

0.625 

5 

2.729 

3 

2.729 

7891 

196724 

-  .024 

.153 

0.973 

4 

2.876 

4 

2.874 

7903 

196821 

-  .017 

.117 

1.017 

3 

2.806 

1 

2.798 

7917 

197120 

.097 

.171 

0.968 

3 

2.858 

3 

2.858 

7938 

197734 

.016 

.156 

1.133 

3 

2.887 

3 

2.887 

7950 

198001 

.002 

.144 

1.192 

3 

2.882 

4 

2.882 

7954 

198070 

.007 

.128 

0.973 

3 

2.857 

3 

2.857 

7974 

198391 

.006 

.156 

1.071 

3 

2.888 

3 

2.880 

7981 

198552 

.015 

.175 

1  042 

3 

2.914 

3 

2.914 

8002 

199095 

-  .014 

.161 

1.036 

2 

2.883 

3 

2.883 

8004 

199099 

.001 

.138 

0.906 

3 

2.880 

3 

2.880 

0028 

199629 

.024 

.120 

1.171 

4 

2.805 

3 

2.798 

8094 

201433 

-  .026 

.134 

0.700 

2 

2.791 

3 

2.793 

8101A 

201671 

.014 

.  155 

0.952 

3 

2.882 

2 

2.882 

8101B 

201670 

.091 

.224 

0.805 

3 

2.860 

2 

2.860 

I) 


TABLE  I  (continued) 


HR  HD  b-y 


8143  202850  0?138 

8147  202923  .019 

8169  203439  .047 

8178  203562  .030 

8186  203696  012 

8194  203858  -017 

8203  204041  .089 

8206  204131  -  *009 

'8217  204414  .012 

8231  204862  -  *023 

8237  204965  *051 

8246  205314  -  .021 

8265  205811  *008 

8291  206538  .040 

8300  206644  .030 

8328  207203  .011 

8329  207218  .197 

8342  207636  -  .004 

e343  207650  -  *011 

8345  207673  .347 

8358  208108  *000 

8377  208727  -  .030 

8389  20912 l  .025 

8404  209459  -  -013 

8407  209515  -  .011 

8419  209833  -  .019 

8422  209932  -  -004 

8438  210129  -  -025 

8451  210419  -003 

8473  210873  -  -025 

0487  211096  -  .006 

0409  211211  -005 

8490  211242  -  *027 

8491  211287  .015 

8512  211838  -  -002 

8518  212061  ~  .034 

0522  212097  .017 

0525  212150  -033 

8537  212495  .030 

0546  212710  -  .019 

8569  213272  .018 

0573  213320  -  -025 

8574  213323  -  .010 

0505  213558  -001 

0599  214035  .009 


C1 


O?027  0*571  Std 

.176  1.107  3 

.150  1.171  3 

.168  1.151  3 

.159  1.068  3 

.156  1.060  3 

.176  0.936  3 

.163  1.080  3 

.192  1.002  3 

.140  0.928  3 

.153  1.213  3 

.155  0.947  3 

.186  0.995  3 

.157  1.150  3 

.170  0.982  3 

.143  1-137  3 

.119  1.099  3 

.155  1.035  3 

.178  0.970  3 

-  .006  1.048  3 

.184  1.001  3 

.121  0.609  4 

.125  1.141  3 

.114  1.022  3 

.141  1.026  4 

.127  0.863  3 

.127  0.922  4 

.102  0.476  5 

.146  1.051  3 

.134  0.922  5 

.171  1.031  3 

.151  0.992  3 

.098  0.585  3 

.143  1.065  3 

.094  0.680  4 

.151  0.998  3 

.096  0.873  5 

.107  1.087  4 

.124  1.175  4 

.149  0.991  3 

.178  1.029  3 

.145  1.006  2 

.134  0.986  3 

.173  1.030  Std 

.144  1.193  3 


8(KP) 

n(KP) 

8(Avg) 

2?584 

Std 

2*584 

2.896 

1 

2.890 

2.865 

1 

2.865 

2.889 

2 

2.884 

2.890 

1 

(2.890) 

2.886 

1 

(2.886) 

2.850 

2 

2.850 

2.859 

2 

2.859 

2.915 

2.825 

2.867 

2.820 

2.921 

1 

(2.921) 

2.873 

2.911 

1 

2.891 

2.849 

2.788 

1 

(2.788) 

2.882 

1 

(2.882) 

2.901 

6 

2.897 

2.637 

1 

(2.637) 

2.907 

2.762 

1 

(2.762) 

2.817 

1 

(2.817) 

2.796 

1 

2.794 

2.834 

1 

2.811 

2.814 

2.846 

2 

2.846 

2.643 

3 

2.643 

2.856 

1 

2.835 

2.823 

3 

2.823 

2.888 

2.875 

2.691 

3 

2.691 

2.875 

1 

2.860 

2.724 

3 

2.724 

2.850 

4 

2.850 

2.740 

4 

2.740 

2.835 

2.068 

1 

2.854 

2.088 

2 

2.888 

2.062 

2 

2.962 

2.866 

1 

2.048 

2.900 

Std 

2.900 

2.843 

1 

2.839 

TABLE  I  (continued) 


HR 

HO 

b-y 

ml 

C1 

n 

0<KP) 

n(KP) 

fl(Avg) 

8605 

214203 

o*?oio 

o1*177 

l1*0  77 

3 

21*892 

2 

21*892 

8624 

214698 

.014 

.155 

1.144 

3 

2.872 

2 

2.872 

8641 

214994 

-  .004 

.151 

1.108 

4*5 

2.852 

3 

2.852 

8677 

215907 

.030 

.  1?  2 

1.110 

2*5 

2.807 

1 

2.780: 

8717 

216735 

-  .006 

.161 

1.079 

4 

2.865 

4 

2.869 

8738 

217186 

.022 

.171 

1.022 

3 

2.878 

O 

4. 

2.878 

8781 

218045 

-  .012 

.130 

1.128 

Std 

2.841 

Std 

2.841 

8806 

218525 

.116 

.133 

1.219 

3 

2.880 

2 

2.880 

8821 

218700 

-  .024 

.105 

0.861 

4 

2.752 

3 

2.752 

8837 

219290 

-  .008 

.159 

1.004 

3 

2.894 

2 

2.891 

8844 

219485 

-  .008 

.143 

1.090 

3 

2.868 

8865 

219832 

-  .015 

.154 

1.001 

3 

2.875 

3 

2.875 

8873 

219927 

-  .008 

.095 

0.637 

5 

2.719 

2 

2.719 

8887 

220222 

-  .042 

.103 

0.561 

5 

2.707 

2 

2.707 

8891 

220318 

-  .017 

.141 

1.059 

3 

2.844 

2 

2.844 

8902 

220575 

.052 

.073 

0.752 

3 

2.717 

2 

2.717 

8903 

220599 

-  .031 

.123 

0.837 

3 

2.788 

8915 

220933 

-  .033 

.142 

0.901 

3 

2.824 

8933 

221394 

-  .002 

.195 

1.063 

3 

2.896 

1 

(2.896) 

8936 

221491 

-  .017 

.125 

0.850 

3 

2.809 

2 

2.809 

8947 

221756 

.056 

.166 

1.072 

3 

2.883 

8960 

222090 

.008 

.179 

1.048 

3 

2.872 

2 

2.872 

8963 

222133 

-  .002 

.165 

1.032 

3 

2.880 

8976 

222439 

-  .035 

.131 

0.031 

Std 

2.834 

Std 

2.834 

8983 

222602 

.059 

.167 

1.086 

3 

2.886 

9013 

223274 

-  .007 

.150 

1.116 

3 

2.853 

9019 

223386 

-  .011 

.154 

0.990 

3 

2.886 

1 

(2.886) 

9042 

223855 

.000 

.153 

1.027 

3 

2.885 

2 

2.885 

9048 

224103 

-  .029 

.138 

0.854 

5 

,..836 

4 

2.836 

9056 

224309 

.015 

.196 

1.000 

3 

2.920 

1 

(2.920) 

9980 

224801 

-  .031 

.151 

0.629 

3 

2.930 

1 

2.936 

•  9100 

225180 

.246 

.036 

1.518 

4 

2.777 

Notes  to  Table  I 


1460AB  Component  A:  0=2.900  (3  measures) 

Component  B:  0=2.801  (1  measure). 

4914  POV  Faint  component  of  4915. 

4915  a2CVn  See  4914. 
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Captions  to  Figures 


Figure  1. 
Figure  2. 


Figure  3. 


Figure  4. 


The  (u-b)  vs  (b-y)  relation  for  the  data  in  Table  I. 
The  c^  vs  (b-y)  relation  for  the  data  in  Table  I. 

The  lines  drawn  are  the  relations  for  unreddened 
zero-age  main  sequence  B-,  A-,  and  F-type  stars. 

The  vs  8  relation  tor  the  data  in  Table  I.  The 
8  is  from  the  8(Avg)  column.  The  line  drawn  is 
the  relation  for  unrcddened  zero-age  main  sequence 
A-  and  F-type  stars. 

The  8  vs  (b-y)  relation  for  the  data  in  Table  I. 

The  8  is  from  the  8(Avg)  column.  The  line  drawn 
is  the  relation  for  unreddened  zero -age  main 
sequence  A-  and  F-type  stars. 
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■'inal  teorrt  on  O'lR  'Jontrncr,  fioonib-^? -0-0173 ,  Project,  ho.  NH  Oli6-b2i{? 
-  >nrch  for  !!;  tnly  Luminous  Otars  i •>  the?  Southern  Milky '.'ay. 


Th s  nr'"/4  net.  wap  •' -» t®d  by  nVD  b  rore  It  was  C'vrnleted,  hen®# 

t;' : p  -'r'*  givon  loss  cowr,le't.p  distribution  than  woulc  other- 

Trip®  ho  r.he  care. 

'  r  Indicated  in  ore  of  the  quarterly  rerorts,  the  necessary 
object! ’"p  orisr  nl *>t“S  have  all  been  taken .  About  2/“*  of  then  have 
now  peer'  pearche'1  and  ne.arlv  t5"!?  rany  have  been  measured  astronetrl  call*.’ . 

e  will  try  to  co — 'let®  f*®  vorv  vi  thout  Cl’ R  support,  and  possibly  vrill 
"v:b!4nb  in  two  wears. 

feme  of  the  "*osi  interestin'*  n®v  necul! stars  found  on  there 
ha-o  already  b°en  publishedy  ir.  most  oases  th!n  has  involved 
further  •*b~e— vat.tpnn  ",ade  e+  hi nh  ?r  s^e^tral  ■**®rolution  alu?  more 
avri4  ’•’an*/ — «t ry.  Pub? icntl. on0  that  have  so  far  resulted  from  our 

Vmt*>  iw  • 


T  '  *  ;>v  ’**-■  -h*  '-’robnble ’bate  Iwnrf  t  h/  ienhenson,  A.  oswduleak. 


an'1  ",  uvHeit  .  "ubltcat/ org  of  the  Astrone-ico!  Tnciety  of  the 
Pacific,  92  194%.  ~  •■*  m  • 


?'•  *  !J«w  ‘  ot,  '  a*'!'*  '  nriablo  ?r*»r  'bv  ’",  *,-■"  '•.•none,  1,  ,jeedtt !/*?»!?,' 

and  -child' .  '  stro-'hysicnl  Tetters,  1,  ??.'%  '/-bro,  .  C.f/o 

— — — — — "  ■  ■  ■  ■ .  «ee~*  ' 
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Southern  rb;5e ovlve  ^rism  !,tat®s  (by*'.  *■ .  *'11  trer,  3,  i.  'tebliensoh,  ;  'ft (y. 


and  T.  •! anduleakl  •  ^strcrohvsicnl  Letters,  ?,  151,  1968.  :  Cj7~ / />  ' 
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